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Carotid endarterectomy for treatment of in-stent
restenosis
Alberto Gonzalez, MD,a Michael Drummond, MD,b Scott McCord, MD,b and
H. Edward Garrett Jr, MD,a Memphis, Tenn; and Birmingham, Ala
In-stent restenosis (ISR) after carotid angioplasty and stenting is becoming evident as more patients undergo carotid
stenting and duplex scan surveillance. While redo endovascular therapy has been immediately successful, recurrent
stenosis remains a problem. The ideal management of ISR has not been determined. Three cases of symptomatic ISR that
were successfully treated by standard carotid endarterectomy (CEA) with removal of the stent are reported herein.
Current options for management of ISR are reviewed from the literature. ( J Vasc Surg 2011;54:1167-9.)
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WBalloon angioplasty and stenting of the carotid artery is
a well-established treatment option for cerebrovascular ste-
nosis.1 Endovascular treatment with a distal filter protec-
tion device or reversal of internal carotid flow has been
found noninferior to endarterectomy with respect to a
combined endpoint of stroke, myocardial infarction, and
death.2,3 As with any endovascular therapy, recurrent ste-
nosis is a risk that increases with time.4 In-stent restenosis
(ISR) has been widely reported with an incidence ranging
between 3.4% and 8% with relatively short surveillance of
12 to 20 months.5-10 Stenting for postendarterectomy
stenosis has been reported to have even higher rates of
ISR.5,7,11,12 While redo endovascular therapy has been the
most common treatment for ISR,5-10 a wide range of
surgical options have been reported. To the best of our
knowledge, this is the first series reporting carotid endar-
terectomy (CEA) for ISR from the United States.
CASE REPORT
Patient 1. A 69-year-old man who had undergone right
carotid stenting for a symptomatic stenosis 80% 2 years previ-
ously returned with symptoms of a right hemispheric transient
ischemic attack manifested by left limb paraplegia. Restenosis of
the carotid artery stent was identified by duplex ultrasound scan
and confirmed by arteriography (Fig 1). The common carotid was
thought to be too tortuous for repeat angioplasty. Operative
therapy, therefore, was undertaken through a standard approach.
From the Division of Vascular Surgery, University of Tennessee-Memphis,
Memphisa; and Vascular Associates-Birmingham, Birmingham.b
Competition of interest: none
Presented at the Thirty-fifth AnnualMeeting of the Southern Association for
Vascular Surgery, Naples, Fla, January 19-22, 2011.
Reprint requests: H. Edward Garrett, Jr, MD, University of Tennessee-
Memphis, Division of Vascular Surgery, 6029Walnut Grove Road,Mem-
phis, TN 38120 (e-mail: egarrettmd@cvsclinic.com).
The editors and reviewers of this article have no relevant financial relation-
ships to disclose per the JVS policy that requires reviewers to decline
review of any manuscript for which they may have a competition of
interest.
0741-5214/$36.00b
Copyright © 2011 by the Society for Vascular Surgery.
doi:10.1016/j.jvs.2011.04.009o perivascular inflammation was encountered. The arteriotomy
as opened longitudinally extending to the distal internal carotid
eyond the stent. Endarterectomy of the plaque and stent was
erformed around a 12F shunt without technical difficulty. The
rtery was closed with a saphenous vein patch. The stent was well
ncorporated within the plaque (Figs 2 and 3). No cranial nerve
eficits were noted. At 30 days, the patient was stable with no
vidence of carotid stenosis on duplex ultrasound scan. Surveil-
ance duplex ultrasound scan 2 years later remained normal.
Patient 2. A 79-year-old man who underwent left carotid
tenting for symptomatic severe stenosis presented with recurrent
eft hemispheric symptoms 4 years later. Severe (greater than 90%)
SR was noted on duplex ultrasound scan and confirmed by
omputed tomographic angiography. Based on surgeon prefer-
nce, CEA was performed around a 12F shunt with removal of the
tent and plaque. Again, there was no perivascular inflammation or
echnical difficulty. The artery was closed with a Dacron graft
atch. Duplex ultrasound scan revealed no evidence of restenosis at
0 days and 1 year postoperatively.
Patient 3. An 86-year-old woman who had undergone right
arotid stenting for a symptomatic lesion returned 1 month later
ith severe symptomatic ISR. Duplex ultrasound scan and com-
uted tomographic angiography confirmed a 75% stenosis at the
istal end of the stent. Repeat percutaneous therapy was avoided
ecause of vessel tortuosity and technical difficulties during the
rst procedure. An endarterectomy of the plaque and stent was
erformed around a shunt with a Dacron graft patch angioplasty
ithout difficulty or complication. At 30 days, duplex ultrasound
can revealed no evidence of restenosis. This patient was subse-
uently lost to follow-up.
ISCUSSION
As more patients undergo carotid angioplasty and
tenting, more patients with restenosis can be expected to
e identified by routine surveillance. Several reports have
dentified length of time since the initial stent procedure
nd stenting for postendarterectomy restenosis as predic-
ors of ISR.4,5,7,11,12 In several series, the incidence of ISR
s proportional to the number of cases performed for post-
EA stenosis.5,7,11
The ideal treatment for ISR has not been identified.
hile multiple reports of redo endovascular therapy with
alloon angioplasty and/or redo stenting have been suc-
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October 20111168 Gonzalez et alcessful with no neurological complications,5-10 subsequent
recurrences are common (Table I). In one series, two of
three patients who required more than one reintervention
subsequently suffered a cerebrovascular accident.9 The
mid-term and long-term success of endovascular reinter-
vention has not been reported. One successful case of
brachytherapy for ISR has been reported with 6-month
follow-up postprocedure.13
Multiple cases of surgical reintervention have been
reported. One patient underwent external carotid to
internal carotid transposition for proximal internal
carotid ISR.14 Two patients underwent polytetrafluoro-
Fig 1. In-stent restenosis 2 years after carotid artery stenting.
Fig 2. Surgical endarterectomy specimen with embedded stent.ethylene interposition grafts,15 and four patients under- dent reversed saphenous vein interposition grafts for
SR14,16,17 without complication. Three cases of acute
urgical conversion for a thrombosed stent at the implant
rocedure or an acutely ruptured carotid artery have
een reported with excellent neurological recovery.14,18
inally, eight patients with chronic ISR discovered 6 to
2 months postprocedure have been reported to have
ndergone successful CEA. The first case was reported in
he neurosurgical literature from the University of Ala-
ama.19 The subsequent seven cases were all reported
rom Europe and include self-expanding and balloon-
xpandable stents.20-22 This is the first series of patients
n the United States who underwent CEA for ISR.
Surgical endarterectomy can be performed in standard
ashion. Some authors reported some perivascular inflam-
ation, but no cranial nerve injury has been encountered.
istal control of the internal carotid past the stented seg-
ent is mandatory, which may increase the technical diffi-
ulty in cases where the carotid stent was placed distally in
he internal carotid artery. Adjunctive maneuvers to en-
ance distal exposure of the internal carotid artery may be
ecessary and should be considered in the preoperative
lanning. All authors have reported no technical difficulty
n achieving a routine endarterectomy plane and removing
he stent with the plaque in which it is embedded. Again,
id-term and long-term surveillance for this procedure has
ot been reported.
Although carotid stenting is generally reserved for pa-
ients considered high risk for open endarterectomy, all of
he reported surgical conversions, including this series,
ave been successful. Current criteria defining high-risk
atients may be called into question.23
ONCLUSION
CEA with removal of the plaque and stent is a viable
ption for management of ISR in selected patients when
Fig 3. Surgical endarterectomy specimen with embedded stent.istal control can be obtained beyond the stented segment.
11
1
1
1
1
1
1
2
2
2
2
tent re
JOURNAL OF VASCULAR SURGERY
Volume 54, Number 4 Gonzalez et al 1169Long-term surveillance is necessary to assess the durability
of this procedure.
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R of 80% or greater with follow-up
ovascular treatment options for ISR
Recurrence (mo)B-PTA Stenting Brachytherapy
1 0
6 2 (3)
1 2 (12, 36)
1 0
4 8 0
0 1 2 (14, 18)
4 2 2 (6, 8)
stenosis; PTA, percutaneous transluminal angioplasty.for IS
End
Cubmitted Feb 11, 2011; accepted Apr 4, 2011.
